Haematological and blood biochemical variables are key elements for routine assessment of animal health status, with implications in animal production and food safety. However, only reliable reference intervals of haematological and biochemical blood variables can provide the basis for accurate interpretation of the obtained blood results. Haematological and biochemical blood values critically dependent on living conditions, region, husbandry, rearing location, and diet. The aim of this study was to determine the reference intervals for selected important and informative haematological and blood biochemical variables for females of the Croatian indigenous sheep breed, Lika pramenka. We used several advanced statistical methods and assessed their applicability for determination of relevant reference intervals under conditions specific to indigenous sheep breeding. The results show that the reference intervals from the available literature are orientational but not adequate for the specific challenges encountered in raising indigenous breeds in their natural habitat. This was illustrated by the large number of clinically healthy animals with blood variable values falling outside the reference intervals given in the sources available previously.
Introduction
The reference intervals data for blood variables in many domestic animals have been known for many years (HOLMAN, 1946; KRAMER, 2000; KANEKO et al., 2008; PUGH and BAIRD, 2012) . However, it should be noted that these reference intervals have been developed for universal use for sheep as a species, were collected over a long and unknown interval of time, and have not previously been verified for local use. When validating the *Corresponding author: Prof. Miljenko Šimpraga, Department of Physiology and Radiobiology, Faculty of Veterinary Medicine, University of Zagreb, Heinzelova 55, 10000, Zagreb, Croatia; Phone: +385 1 2390 170; +358 98 312 053; E-mail: miljenko.simpraga@vef.hr reference interval, two main factors must be taken into account: 1) the proper selection of the method for determining the reference interval, and 2) the appropriate selection of the reference animal sample. Techniques for method assessment are relatively simple, if used in the same way as in the original study, but in veterinary medicine this is almost never the case. It is also important to use the same analytical systems to ensure quality and accuracy, which is also seldom possible primarily because of the speed with which the technologies and methods have developed in the past 50 years (CLSI, 2008) .
Recently, many authors (ALONSO et al., 1997; ROUBIES et al., 2006) have indicated that haematological and biochemical blood values do not exhibit merely a small degree of breed specificity. They are also statistically significant dependent on living conditions, region, husbandry and rearing location, and especially diet (VOJTA et al., 2011; ŠIMPRAGA et al., 2013) . This fact is particularly important in organic farming (VOJTA et al., 2011 ). Significant differences were also identified concerning sex, reproductive status (ROUBIES et al., 2006; BONEV et al., 2012) and the age of the animals (ROUBIES et al., 2006; PICCIONE et al., 2009). In 2008, a document was published, guiding scientists and laboratories in determining reference intervals (CLSI, 2008) . GEFFRÉ et al. (2009) published a review of this document and concluded that this guideline is applicable to veterinary medicine. . Both documents recommend testing all reference intervals, and their validation in each laboratory while using their own, conventional techniques for the variables and in a population as similar as possible to the one for which routine blood analysis is being done. They also give rigorous rules for the preanalytical, analytical and statistical methods for determining reference intervals. FRIEDRICHS et al. (2012) concluded that adoption of these guidelines by the entire veterinary community would provide easier communication and information dissemination. It is particularly important for herd health monitoring, as rearing and feeding conditions often cause variations in the concentrations of many serum/plasma metabolites, and their "exit" from the reference range in the published literature (BRAUN et al., 2010; KJELGAARD -HANSEN and LUNDORFF JENSEN, 2010) .
So, the aim of this study was to determine reference intervals for selected haematological and blood biochemical variables for female, reproductive Lika pramenka sheep, by applying the classical and advanced statistical methods recommended by CLSI. The selected variables were chosen for their diagnostic value in routine use and their availability for common analysis.
Materials and methods

Animals.
The study was carried out on a productive herd consisting of a Croatian pure bred indigenous sheep breed -Lika pramenka. 150 healthy ewes in anoestrus, aged 2-7 years were selected. The animals were clinically inspected by an authorized
Results
Summary results for the selected haematological and blood biochemical variables from 144 female, two to seven year old Lika pramenka sheep are presented in Table 1 . After visual examination of blood samples, in six samples clots were determined and these samples were excluded from further analysis. After removal of outliers, more than 140 samples were used for reference interval determination. Four variables did not have a normal distribution and could not be normalized with the Box-Cox transformation. Depending on the normality of distribution and confidence interval (CI) for the reference interval (RI) (<0.2) different methods were selected. Reference limits (2.5 th percentile and 95.7 th percentile) were calculated with a 90% confidence interval. Measurements of central tendencies are shown in Table 1 . N -number of animals in the sample; Distrib. -distribution; mean/MED -mean or median (depending on statistical method); Lower limit -the 2.5th percentile CI 90 -90% confidence interval for the 2.5% percentile; Upper limit -97.5 percentile; 97.5% CI 90 -confidence interval for the 97.5% percentile; method -chosen statistical method for reference interval determination; MCV -mean corpuscular volume; MCH -Mean corpuscular haemoglobin; MCHC-Mean corpuscular haemoglobin concentration; GGT -gamma -glutamyl transferase; UREA -blood urea nitrogen; AST -aspartate aminotransferase; CREA -creatinine; BIT -total bilirubin; GLU -glucose; ALB -albumin; TP -total protein; CHO -cholesterol
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Comparing reference intervals from this research with those for sheep in KRAMER (2000) , the reference intervals calculated in this research are wider and shifted more to the right (towards higher values) for the total number of leukocytes, while the total numbers of red blood cells and all the erythrocyte constants have lower reference limits values. Comparing calculated reference intervals for sheep blood biochemical variables with those in KANEKO et al. (2008) , the reference intervals for GGT, CRE, GLU and CHO have shifted to the left (towards lower values), for UREA, BIT, ALB and TP they have shifted to the right (toward higher values), and the reference interval for AST became narrower.
Discussion
In this study, we determined the reference intervals of key haematological and biochemical variables in the blood of 150 Croatian female indigenous sheep of the Lika pramenka breed, during the dry period and anoestrus. The results are shown in Table 1 . Reference intervals were determined as recommended by the CLSI (2008) document.
Selection of females as the reference population places a limit on the use of the obtained reference intervals. Care should be taken when extrapolating the results to males, as they were not included in the reference population. Along the same lines, seasonal changes might affect the analyte values (KRAJNICAKOVA et al., 1997; TIBBO et al., 2004) , which means that the estimated reference intervals are most reliable for the season when the reference population was sampled (in March).
Other authors suggest that haematological variables in sheep may be affected by various internal and external factors such as age (ALONSO et al., 1997; EGBE-NWIYI et al., 2000; TIBBO et al., 2004; JENKO, 2009; ADDASS, 2011) , gender (EGBE-NWIYI et al., 2000; TIBBO et al., 2004; ADDASS, 2011) , season (KRAJNICAKOVA et al., 1997; TIBBO et al., 2004) , shearing (CARCANGIU et al., 2008) , breed (TIBBO et al., 2004; BINEV et al., 2007; RADIN et al., 2008; DIAS et al., 2010; ADDASS, 2011; VOJTA et al., 2011) , lactation (BOUDEBZA et al., 2014) and nutrition (ANTUNOVIĆ et al., 2001; DIAS et al., 2010) , and breeding model (VOJTA et al., 2011) . Despite the many influences on the values of haematological variables in the blood of sheep, in most cases the values are within relatively narrow limits which usually correspond to the wide reference ranges published in the relevant textbooks (FELDMAN et al., 2000; KANEKO et al., 2008; PUGH and BAIRD, 2012) . The results of this research are in agreement with our findings if we compare only the mean value obtained by descriptive statistics. However, considering that they were in their research they engaged in the study of various effects on haematological variables in the blood of sheep, rather than establishing reference intervals, the results cannot be directly compared with the reference intervals obtained in our study. A direct comparison would require a detailed insight into the original data, and additional information about the pre-analytical and analytical factors, and harmonizing statistical calculation methods.
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The haematological reference intervals of Lika Pramenka ewes can be compared with those reported by ŠIMPRAGA et al. (2013) , who determined the reference blood intervals for Dalmatian pramenka -another Croatian indigenous sheep breed .For comparison, the reference intervals are shown in Table 2 . They can also be compared with the results of LEPHERD et al. (2009) who published reference blood intervals for female merino lambs bred in Australia, using new, more rigorous (sample selection, sample collection techniques, statistical method selection) rules and methods for reference interval determination. More differences can be seen if our data is compared with the reference intervals from relevant textbooks (KANEKO et al. 2008; PUGH and BAIRD, 2012) . (2000) and KANEKO et al. (2008) ; MCV -mean corpuscular volume; MCH -Mean corpuscular haemoglobin; MCHC -Mean corpuscular haemoglobin concentration; GGT-gamma -glutamyl transferase; UREA -blood urea nitrogen; AST -aspartate aminotransferase; CREA -creatinine; BIT -total bilirubin; GLU -glucose; ALB -albumin; TP -total protein; CHO -cholesterol Like haematological variables, biochemical blood variables are also influenced by external factors, but the impact is often stronger and more readily detectable (ŠIMPRAGA et al., 2013) . That difference is smaller if we compare Croatian indigenous sheep breeds with each other (ANTUNOVIĆ et al., 2004) , but greater if we compare them with sheep from other countries (CARCANGIU et al., 2008; BONEV et al., 2012; SOWKAT et al., 2014) . This is likely because the biochemical markers in the blood of sheep can be much more strongly affected by various local factors, such as husbandry and climate (ŠIMPRAGA et al., 2013) . Also, biochemical blood variables are influenced by the age of the animal (ROUBIES et al., 2006; ADDASS, 2011) , pregnancy and lactation (CARCANGIU et al., 2007) , the number of lambings (ROUBIES et al., 2006; BOUDEBZA et al. 2014) , as well as the botanical composition of the pasture, and water availability (ANTUNOVIĆ et al., 2010; Blood variables reference intervals in Lika pramenka sheep blood factors of Lika pramenka ewes are indeed different from those observable in relevant textbook literature, as shown in Table 3 . Comparing the blood values of sampled animals with thee reference intervals from relevant textbooks such as KRAMER (2000) for haematology and KANEKO et al. (2008) for blood biochemistry, as Table 3 , it can be seen that although they were collected from healthy animals, a large percentage of blood values are outside the book's reference intervals. Reference values should encompass 95% of a healthy population (CLSI, 2008) so around 5% of healthy animals could be outside the reference intervals. It is also evident that this percentage is smaller when data is compared to reference intervals presented in the studies made with new, stricter criteria for setting the reference interval, such as in LEPHERD et al. (2009) , or similar reference populations as in VOJTA et al. (2011) and ŠIMPRAGA et al. (2013) . Although smaller, the percentage of sample animals with values above or below the given reference limits is still more than 5% (Table 3) .
Conclusions
We confirm the necessity for determining specific haematological and blood biochemical variables reference intervals for herds raised under different conditions, especially for indigenous species. We found that for a sample size of 150 individuals there is no universally applicable statistical method for reference value determination for all blood variables. Due to the low sensitivity to extreme values, the possibility of calculating satisfactory results from smaller samples and the fact that it does not assume normality of distribution, we recommend the robust method for determination of reference intervals for biological samples. Nevertheless, we recommend the application of at least one more statistical method for determination of reference intervals (parametric transformed parametric or nonparametric method) to verify the quality of the reference population. Reference intervals from the relevant and available literature are more for orientation than useful, taking into account the large number of clinically healthy animals whose blood variable values fell outside the given reference intervals.
The reference intervals obtained in this study are the basis for further research into indigenous sheep breeds, but also serve to demonstrate the need for determination of reference blood intervals in all other indigenous breeds of sheep, and other animals.
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